Bypass graft surgery ameliorates or abolishes angina in the majority of patients who undergo operation,' but in some cases symptoms persist or recur. Angina may recur in 3-5-4 4% of patients each year.2 Thus as more patients have undergone bypass surgery, and as the time elapsing after operation increases, the problem of angina in patients who have already undergone one myocardial revascularisation procedure will increase. Reoperation can be performed with a low risk and can improve or relieve angina in many patients, but the late results are less favourable than after the first attempt at revascularisation. 3 The results of reoperations at the London Chest Hospital were reported in 1979. 4 We now report our further experience with a larger series of patients and the results of extended follow up of those who underwent operation initially. We sought to identify factors, which can be determined preoperatively, that may give an indication of the prognosis after reoperation.
Patients and methods

One hundred and two patients who underwent a
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Accepted for publication 9 November 1984 second coronary bypass operation between 1972 and January 1982 were included in the study. Patients who had concurrent valve surgery were not included. The mean age of the patients was 52-7 (range 34-73) years. Nine patients were female. Nine were known to have diabetes mellitus and 19 hypertension, and 33 smoked >10 cigarettes a day at the time of reoperation. Serum cholesterol concentration was estimated in 58 patients and was found to be increased (>7 0 mmol/l (>300 mg/100 ml)) in 29. FIRST 
OPERATION
At the first operation a mean of 2-1 grafts were placed per patient. Twenty seven patients received one graft, 39 two, 33 three, and three four. In addition 24 patients had endarterectomy performed to 33 vessels. tlncludes patients in whom a RCA graft was placed before the crux at first operation and to the PDA at reoperation.
and left ventricular angiography in the right anterior oblique plane. Only those patients in whom it was technically feasible to place further grafts, and who therefore underwent surgery, are reported in this study.
The putative cause for the recurrence of angina was determined from the angiogram. Where a graft was occluded or significantly stenosed, or distortion at its insertion into the coronary artery was equivalent to such a stenosis, the graft was deemed to have failed. Progressive disease describes the development of a stenosis of >50% that was not apparent on the angiogram before the first operation. Revascularisation was considered to have been incomplete at the first operation if a vessel was not bypassed when it contained a stenosis of >50%. The terms progressive disease and incomplete revascularisation were applied only to vessels whose lumen diameter was > 1 mm on the basis that the smaller vessels would be unsuitable to receive a vein graft.5 6 The cause of recurrent angina was then categorised as (a) graft failure, (b) progressive ceeded to a third operation for myocardial revascularisation, and one underwent dilatation of his grafts during cardiopulmonary bypass. Two of these patients undergoing further surgery also subsequently died, and in one the cause of death was attributed to leukaemia. One other patient received a cardiac transplant. Sixty eight patients thought that their symptoms were improved, 14 that their condition was unchanged, and the remaining 13 survivors that their symptoms had become worse. For the following analyses the patients were divided into three groups according to their outcome:
Good result-This group comprised patients who had no angina or angina only on severe exertion (grades 0 and 1).
Intermediate result-This group comprised patients with angina on moderate exertion (grade 2).
Poor result-This group comprised patients who died, required a further operative procedure, developed severe left ventricular failure, or had angina on minimal exertion or at rest (grades 3 and 4). On the basis of these criteria 57 patients derived great benefit from their reoperation, 14 fell into the intermediate group, and 31 fared badly.
The type of operative procedure did not influence outcome. Good results were obtained in 52% of patients who had vessels regrafted only, in 59% of those who received only new grafts, and in 57% of those undergoing a combined procedure (Fig. 1) . Results for outcome were less favourable for patients whose duration of follow up was 24 months or more compared with those who were reviewed earlier (Fig.  2) . Tables 4 and 5 show the influence on outcome of a number of factors either determined before reoperation or which were a feature of the operations. The assessment of completeness of revascularisation at reoperation took account of vessels that were considered large enough to graft (>1.0 mm) ( Most patients in reported series derive benefit from further revascularisation, but often only a few gain complete relief from angina (Table 6 ). Our results are similar. Reoperation is usually regarded as a symptomatic measure, and it is therefore appropriate to assess the outcome in terms of patients' subjective description of their symptoms. This assessment does not always yield a clearly defined end point, and the patients' perception of their symptoms may also depend on many extraneous influences, such as depression or inappropriate expectations. For these reasons we attempted to make an objective assessment by formal examination of exercise performance, although we recognise that the maximum workload is also dependent on the patient's co-operation and enthusiasm. Table 7 shows the relation between the maximum exercise workloads achieved and the patient's subjective assessment of symptoms. It is a matter of interpretation which means of expressing the outcome is the more valid. Our exercise test data are incomplete. It was clinical policy at this centre not to subject patients who had angina at rest to exercise testing, and many patients fell into this category. Many patients lived at considerable distance from the hospital and were not available for postoperative testing. The position regarding symptomless patients, in whom angiography postoperatively shows unsatisfactory revascularisation, is less clear. Reported results are confficting." 'I At present the usual clinical practice is to consider reoperation only in patients with symptoms.
The age and sex distribution and incidence of diabetes, smoking, hyperlipidaemia, and hypertension are typical of those reported elsewhere. 'An appreciation of any factors which presage a good or poor outcome would be valuable to clinical management. It was disappointing in this study that no such factors clearly emerged. We failed to find any influence of the cause of recurrent angina after first operation on outcome, which is in agreement with several other studies,8-' although Laird-Meeter et al found that patients with failed grafts fared worse than those with progressive disease.'3 The data shown here of our current and expanded experience do not confirm the earlier observation4 that patients who receive grafts only to previously ungrafted vessels fare better than those requiring grafts to vessels already grafted. We noted a slight trend for a shorter interval to recurrence of angina to correlate with a poorer outcome, and a significant such correlation is reported by Krause et al. ' I This observation could be explained by postulating more aggressive coronary disease in these patients. Patients whose recurrence is attributable to graft failure tend to have an earlier return of angina than those whose cause is progressive disease,3 17 but in all cases angiography remains mandatory for anyone in whom reoperation is contemplated.
An assessment of the completeness of revascularisation at reoperation did not help determine outcome, perhaps because vessels considered to be too small to graft were not included in the analysis. Such small vessels might still be responsible for further symptoms.
Patients requiring reoperation have a high incidence of risk factors.'8 Although these do not usually exert any adverse influence on outcome after reoperation,'°it seems prudent to give firm advice to abstain from smoking. We found diabetes over-represented in the group who fared poorly after reoperation, but the numbers are too small to derive statistical inference. Diabetes has a mildly deleterious effect on outcome after primary revascularisation, which is not considered sufficiently adverse to disbar diabetics from surgery. 1920 Our results in patients with longer follow up are less encouraging (Fig. 2) . The interval over which Pidgeon, Brooks, Magee, Pepper, Sturridge, Wright patients are studied may not be the only determinant of outcome. Those with longest follow up are also those reoperated on earlier in the series, when experience in the procedure was less and selection criteria may have varied. The earlier patients (more than two years' follow up) had fewer grafts inserted at their first operations (mean 1-92/patient) than the later patients (2-35/patient). For these later patients to receive only grafts to ungrafted vessels was unusual. Reported experience of long term results after reoperation remains limited (Table 6) .
This report includes a relatively high proportion of single vein graft procedures (27) at primary revascularisation, but 10 of these patients required more than one graft. Most of these incomplete operations date from early in the series, and current practice is to attempt complete revascularisation. There is theoretical concern that patients who require surgery for intractable symptoms with single vessel disease may have a poorly developed collateral circulation which makes them susceptible to recurrence of angina if their sole graft ceases to function. In practice patients with single grafts are more prone to recurrence.3 In our report only two patients underwent reoperation when failure of a single graft was the only cause of returning angina. Our experience is that the main risk for patients with single grafts is the development or progression of stenoses in ungrafted vessels. In future angioplasty may defer the need for surgery until multiple grafts are required.
The strategy for the surgical management of coronary artery disease must take cognisance of the increasing likelihood of recurrent angina as time elapses after initial revascularisation. In this study we detected a similar trend after reoperation. It seems intuitively probable that factors that militate against a successful outcome to the first procedure may be operative after further surgery. It is premature to establish the role of third procedures, although results can be expected to be less promising than after first or second operations. Not all patients with recurrent angina will be suitable for reoperation; experience relates only to those in whom surgery appears technically feasible, which may comprise only a third of the total. ' 
